Neurons exist within a microenvironment that significantly influences their function and survival. While there are many environmental factors that can potentially impact neuronal function, activation of the innate immune system (microglia) is an important element common to many neurological and pathological conditions associated with memory loss. Learning and memory processes rely on the ability of neurons to alter their transcriptional programs in response to synaptic input. Recent advances in cell-based imaging of plasticity-related immediate-early gene (IEG) expression have provided a tool to investigate plasticity-related changes across multiple brain regions. The activity-regulated, cytoskeleton-associated IEG Arc is a regulator of protein synthesis-dependent forms of synaptic plasticity, which are essential for memory formation. Visualisation of Arc provides cellular level resolution for the mapping of neuronal networks. Chronic activation of the innate immune system alters Arc activity patterns, and this may be a mechanism by which it induces the cognitive dysfunction frequently associated with neuroinflammatory conditions. This review discusses the use of Arc expression during activation of the innate immune system as a valid marker of altered plasticity and a predictor of cognitive dysfunction.
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Introduction
Who we are is determined by our perceptions and actions, which are largely guided by our memory; therefore, our ability to remember determines who we are as an individual. The ability of our brain to form and store new memories involves modulation of the strength and efficacy of synaptic signalling and is mediated by de novo synthesis of genes and proteins. Dysfunction of hippocampal synaptic plasticity results in loss of memory functions and is characteristic of many neurodegenerative diseases, such as Alzheimer's disease, HIV-associated dementia, autism, Down syndrome and multiple sclerosis (Akiyama et al., 2000 (Akiyama et al., , 2001 Banati et al., 2000; McGeer and McGeer, 1998; Mhatre et al., 2004; Morganti-Kossmann et al., 2001; Vargas et al., 2005) . Additionally, dysfunction of hippocampal synaptic plasticity may be a long term consequence of traumatic brain injury (TBI) (McAllister, 1992) , therapeutic brain irradiation (Meyers et al., 2000) or normal ageing. Although neuronal dysfunction is the ultimate consequence of these disorders, alterations in the neuronal microenvironment, by activation of the innate immune system, seems to be the key factor for the progression of these pathologies (Akiyama et al., 2000 (Akiyama et al., , 2001 Banati et al., 2000; McGeer and McGeer, 1998; Mhatre et al., 2004; Morganti-Kossmann et al., 2001; Vargas et al., 2005) .
Microglial cells are bone-marrow/mesenchymal-derived monocytes and constitute the resident innate immune system of the brain as well as the key cellular mediators of neuroinflammatory processes (Barger and Basile, 2001 ). Once activated, microglial cells release potentially harmful molecules, such as proinflammatory cytokines, chemokines, reactive oxygen species and complement proteins, leading to a self-propagating cycle and resulting in chronic neuroinflammation, which may compromise synaptic plasticity.
Synaptic plasticity requires de novo gene expression and protein synthesis for the development of enduring synaptic modifications and long-term changes in behaviour (Deisseroth et al., 2003; Lee et al., 2005) . The immediate early gene (IEG) Arc (activity-regulated cytoskeleton-associated protein) is expressed in response to synaptic activity in the principal neurons of different brain structures (cortex, hippocampus, amygdala and striatum). Arc expression is required for the formation of durable plasticity processes that underlie memory consolidation and correlates both temporally and spatially with the stimulus that induced its transcription (Guzowski et al., 2000; Lyford et al., 1995) . The correspondence in circuit dynamics between electrophysiology and Arc expression has led to the suggestion that expression of Arc may serve as a 0889-1591/$ -see front matter Ó 2011 Elsevier Inc. All rights reserved. doi:10.1016/j.bbi.2011.02.003
